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(54) Optical encoder 



(57) A main scale 11 and an index scale 12 are ar- 
ranged in parallel with each other so as to be relatively 
nriovable. A light source 1 0 for Irradiating collimated light 
on the main scale 11 is provided above the main scale 
11. A light detecting devices 1 3a and 13b for detecting 
the amount of light which pass trough the index scale 
12 are provided bellow the index scale 12. The main 
scale 11 has an uniform grating which consist of trans- 
mitting portions 14 and non-transmitting portions 15 
which are formed with a uniform width and alternately 
arranged by uniform pitch R The index scale 1 2 has 
non-uniform grating portions 12a and 12b whose phase 



are mutually shifted 90 degrees. A transmitting portions 
16 and non -transmitting portions 17 of the non-uniform 
grating portions are arranged at the same pitch as the 
main scale 11. Each width of the non-transmitting por- 
tions 17 is equal to each width of sliced portions of a 
sine waveform sliced by 10 slice levels, the sine wave- 
form is represented bottom-to-bottom and whose wave- 
length is equal to one pitch of the uniform grating. The 
non-uniform gratings 1 2a and 1 2b substantially work as 
the sine wave gratings, so that an output signal exclud- 
ing the harmonic components distortion can be ob- 
tained. 
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Description 
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technology. oresent invention is to provide an optical encoder wtiich 

having first and second scales arranged in para lel w.th "J^/J^ ^^^^^ to the first scale, 

formed thereon at a predetermined pitch '^^P^^^^^,^'^^ ' J*^^^ the shading pattern of the Uans- 

and fight detecting means for detecting ''f^'^^'^lTillTx^^iXZd sSond scales, v^erein one of the first 
mrtted lights being modulated by the overlapping 

and second scales has a uniform grating wh.ch .s ^^^'^^'tltST^Zll^^^^^^ each of the rectangular trans- 
of rectangular non-transmitting portions -"^^f^^ f^^^d^^^^^^^ 

mittlngportions having a unrtormwdth, transmitting portion and rectangular 

of at least one set of M (where M .s an integer ^ ^jore ) Pa^^^^^^^^^^ rectangular transmitting 

non-transmitting portion, the pairs being arrangedat me same p^^^^ 9 ^ j„ 

portions on the non-unilorm grating having different "'^^^'^"T^^;;^^^^^ ,o one pitch of the uniform 

Lributiveiy include information of one '^^^^^^^ZlnZtT^^^^^^^ anS each width of the 

n^gurtrnr«^:;^r^^^^^^^^ 

one cycle sine waveform sliced by M different slice 'evels^ conventional usual rectangular 

Accordingtothish.ventK,n.oneofmesca^^^^^^^ 

wave grating, and the other is a non-un.f omi grating *® ^^^"^"''"^^ ^ ^ ^3^^, ^ of the transmftting portions 
non-unifom, grating being arranged at the same pitch the ^^^^ 

and the non-transmitting portions having the ^^;"«^«f„^^^^^ grating has amplitude infomiation 
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it is able to output the displacement signal excluding the harmonic components of the sine wave by cooperation with 
such a uniform grating scale and a non-uniform grating scale. As a result, the precise position measurement can be 
done by processing this displacement signal. One of the uniform grating scale and the non-uniform grating scale can 
be selected as a main scale, the other can be selected as an index scale. 

Moreover, according to the present invention, it is not necessary to form of a sine wave pattern for manufacturing 
of scales, thereby it is able to easily make scales having precise grating patterns. As a result, the positbn measurement 
precision of the optical encoder can be Improved. 

Furthermore, according to one preferred mode. It Is provided an optical encoder that the non-transmitting portions, 
which have different widths from each other, are dispersed so as to minimize the variation of the widths of the trans- 
mitting portions in the set. According to the above-mentioned mode, the spatial distribution of the output light quantity 
can be more uniform. According to another preferred mode, it is provided an optical encoder that the transmitting 
portions are dispersed so as to minimize the variations of the widths of the non-transmitting portions. This aspect of 
the invention is advantageous to secure wiring areas of a photo detector array in case that the photo detector array is 
formed to serve as an index scale. Also, by such a dispersed layout, an high processing precision can be obtained 
^5 when a minute scale pitch is required. This can also Improves a position measurement precision. 
In the accompanying drawings: 

Fig. 1 shows a transmitting type linear encoder of an embodiment according to the present invention. 

Fig. 2 shows grating patterns of a main scale and an index scale of the embodiment. 

Fig. 3 is a figure for explaining a design process of the main scale of the embodiment. 
20 Fig. 4 shows a scale configuration equivalent to the embodiment. 

Fig. 5A shows a distributbn of a transmitting light quantity passing through the rectangular wave grating. 

Fig. 5B shows a fitter to take out a fundamental wave from the transmitting light wave of Fig. 5A. 

Fig. 6 shows a grating pattern of an Index scale of another embodiment according to the invention. 

Fig. 7 shows a grating pattern of an index scale of another embodiment of the invention. 
25 Fig. 8 show a reflection type linear encoder of another embodiment of the invention. 

Fig. 9 shows a transmitting type linear encoder of another embodiment of the Invention. 

Fig. 10 shows a detecting surface arrangement of a photo detector array of Flg.9. 

Fig. 11 shows rotary encoder of another embodiment of the invention. 

Fig. 1 shows a configuration of a transmitting type linear encoder according to one embodiment of a present 
30 invention. A main scale 11 and an index scale 12 are arranged in parallel with each other, and, for example, the main 
scale 1 1 is able to displace regarding with x direction indicated by an arrow in Fig.1 . The index scale 1 2 has two grating 
portions 12a, 12b whose phase are mutually shifted 90 degrees In relation to the main scale 11 . A light source 10 for 
Irradiating collimated light on the main scale 11 Is provided above the main scale 11 . and light detecting devices 1 3a 
and 1 3b are provided bellow the index scale 1 2. The detecting devices 1 3a and 1 3b oppose the grating portions 1 2a 
and 12b, and detect the amount of light which pass through the grating portions 12a and 12b, respectively The light 
detecting devices 13a and 13b are, for example, photo diodes or phototransistors. 

Flg.2 shows the grating patterns on the main scale 11 and Index scale 12. The main scale 11 has an uniform grating 
( i.e.. a rectangular grating ) which consist of rectangular transmitting portions 14 and rectangular non-transmitting 
portions 15 formed of Cr films, these portions 14, 15 being formed with a uniform width and alternately arranged by a 
40 uniform pitch P. In this embodiment, each of the transmitting portions 14 and the non-transmitting portions 15 has a 
width of lO^im. and arranged at a pitch of 20nm. In contrast, both the grating portions 12a and 12b on the Index scale 
12 are non-uniform gratings in which a plurality of rectangular transmitting portions 16 have different widths from each 
other, thereby a plurality of rectangular non-transmitting portions 17 also have different widths from each other 

The widths of the transmitting portions 16 and non -transmitting portions 17 are decided by a predetermined rule 
so as to work substantially as sine wave gratings. Such the rule will be described later 

Although each of the grating portions 12a, 12b is a non-uniform grating, the grating pitch thereof Is the same as 
that of the main scale 11, i.e., 20nm in the embodiment of Fig.2. As shown in Fig.2, each of the grating portions 12a. 
12b comprises at least one set of M(=10) grating units, each unit consisting of a pair of transmitting portion 16 and 
non-transmitting portion 17. That Is. each of the grating portions 12a and 12b consists of N ( where N Is an integer of 
50 1 or more) sets of grating group. 

Each of the light detecting devices 13a and 13b has a light detecting surface to receive the output rays from the 
grating portions I2a and 12b, respectively. As a result, the detecting devices 13a and 13b are adapted to output A 
phase output signal and B phase output signal, respectively, which are phase shifted of 90 degrees each other. 

The method for designing the above-mentioned non-uniform grating in the index scale 12 will be described in 
details bellow. As shown In Fig.3. a sine waveform 18 having a wavelength of 20 |im as same as the scale grating 
pitch P is prepared. The sine waveform 18 is drawn in the range of the bottom-to-bottom. Then, the amplitude of the 
sine waveform 18 Is divided at ten slice levels LI . L2,-. LI 0 with a constant step. By the division of sine waveform 1 8, 
a step waveform 19 approximating to the sine waveform 18 can be obtained as shown in Fig.3. The widths of the sine 
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«..e(o™ IS allha slico are, .» shown in FI9.3. 3pm, 5^m. S.S^m, 8^m. 14Mm, 10:ft.nv '^^T-J*" 
^,7^m TiSn Ih. ,toe-me«lon«l wldlte ol Ihe sln» «»«om. IS as shown m F,9,2. ass«n,d ,0 Oia non. 

6t of ,he reclanguBr grating »«1 ,he indax s«ala 52 ol ,h. sin. wa.a gisting as a»«n r F«A The reason 

tKot Hiotnrtinn is reduced bv use of the above-mentioned sine wave grating is as tollows. 

^e?S°othe^^ scSe 5^ and the index scale 52 in Fig. 4. the main scale 51 is a rectangular 9rat.ng. When 
the mSn Se SlTsTradiated by a cotlimated light, the amount ol light lt(x) transmitted through the ma.n scale 61 .s 
expressed by Fourier expansion as follows: 

2(2n-l) ffx 

DC 

It(x)- £ An sin " 

P 

where x is a position measured as shown in Fig.4. P is the grating pitch, and An is n term amplitude. In equation (1) 
Te'^'^t^Xnt IS omitted because the component is canceled to be removed by a differenfal processing by use 

"T:5T:;:rtrr:r::;t?^^^^^^ 

the fundamental wave component, n=2 and n=3 designate third and fifth hamionic components. '^^^'J^^^. 

i^Th^ in Fig.4. when the main scale 51 is combined with the index scale 52 of s.ne wave Q^^^S ^fv.ng *e 
samrpS^ the main scale 51 . the amount of transmitted light l(x) through the index scale 52 for M prtches (..e.. the 
amount of received light) is expressed as follows: 

2(2n-l)7r(x+xl) 2/rxl 



I(x)=m( ? An sin sin dxl 



3S 



40 



— (2) 

The eouation (2) means that the light distribution in Fig.SA is filtered by the sine wave filter havirig transmitWng 
porti^: aron-t;2.^«ing portions a's shown in Fig.5B. Therefore, in equation (2^ ^ fun a^^^^^^^ 
nent is obtained. Whenn=1 is substituted in equation (2). the output amount of received light l(x) is expressed as follows. 



,, , M A1 P 2jtx (3) 
l(x)= — 2~ ^°^~p~ 



When n=2 or more, l(x)=0. Alternatively, the odd number hamnonic components are removed by Integration for 1 
4S whe?the index scale 52 in Fig. 4 is divided into M portions by horizontal slice lines at a uniform prtcf. and then 

the M pr^ions are arranged n series in x direction toconstruc, 1 grating unrt. ^^--V^o ,TaS^^^^^^ 

^ .-^^^ ^o^AOYs in thP index scale 12 in this embed menl are approximately equal to the aDove-oescnDea i 

Sn M pitches grating portion, the amount of the received light obtained in M prtches in 3^=^°;^ J^^^^^^ 
^ disoLernent is represented by a quasi^ine wave. The larger the divisional number M becomes, the more approximate 
to a Sne vJve tS^^tput becLes. This fact has been verified through a simulatton test by the inventor^ 

There^^. acco Jng to the embodiment, the odd number harmonic components are ^'^/^^^^J^^^";^^^^^^ 
signal However, it is preferable that M is selected in the range between 3 to 10. Because, if M is larger than 10. the 
wkfth of 1 set of gratings in the index scale becomes too large to be uniformly irradiated. 
55 Further according to the embodiment, variation of the gap between the mam scale and the index scale has not 

larae influence on the output signal, as similar to an encoder having a sine wave grating. ,^™„™,i„n 
^/^de^ribed above, according to the embodiment, by combination of the main scale formed of the un.fom. grating 
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and the Index scale formed of the non-uniform grating, It is able to obtain a quasi-slne wave output'signal from which 
the harmonic distortion is renrKJved. In the index scale in Fig.2, if the relation between the transmitting portions 16 and 
the non-transmitting portions 17 is exchanged, the same result can be obtained. 

In Fig.2. the non-uniform grating In the index scale 12 has such a widths distribution that the width information at 
5 the slice levels for the sine waveform in Fig.3 are sequentially assigned as the widths of the non-transmitting portions 
17 In order of width. However, the arrangement of the non-transmitting portions in 1 set of grating group having the 
sine wave Information of 1 cyclic period is arbitrary. As apparent from Flg.2, even if the non-transmitting portions 17 
are arbitrarily distributed in the grating portions 12a and 12b, the same change of output signal is obtained about 1 set 
within 1 pitch displacement. 

^0 Fig. 6 shows a layout example of the index scale 1 2 according to another embodiment which is preferable to that 

of Fig. 2. In this embodiment, the non -transmitting portions 17 are dispersed according to a rule such that the variation 
of the widths of the transmitting portions 16 are minimized, as follows: The narrowest non-transmitting portion (=3^m ) 
and the widest non-transmitting portion (=17^m ) are disposed to neighbor each other, the secondary narrower non- 
transmitting portion (=5^m ) and the secondary wider non-transmitting portion (=1 Sjim ) are disposed to neighbor each 

^5 other, and the like. According to this embodiment, the distribution of the transmitting portions 16 In 1 set of grating 
groups can be more uniform than that in Fig. 2. As a result, the spatial distribution of the anrxjunt of light in 1 set can 
be more uniform. Further, because of that it is not necessary to use narrower slits than a predetermined value , it is 
advantageous for manufacturing optical encoders. 

Fig.7 shows another example of the Index scale 12. In this embodiment, in contrast to the example of Fig.6. the 

20 transmitting portions 1 6 are dispersed according to the same rule as the example of Fig.6. Altemallvely, The narrowest 
transmitting portion (=3^m ) and the widest transmitting portion (=17^m ) are disposed to neighbor each other, the 
secondary narrower transmitting portion (=5fxm ) and the secondary wider transmitting portion {=15^m ) are disposed 
to neighbor each other, and the like. According to this distributional arrangement, the widths of the non-transmitting 
portions 17 In 1 set of grating groups can be more uniform. 

2S Flg.8 shows a reflective type linear encoder according to another embodiment. A main scale 21 is a uniform grating 

on which transmitting portions and non-transmitting portions ( i.e., reflecting portions ) are arranged with width ratk) of 
1:1 similar to the above-described embodiment. An index scale 22 has grating portions 22a and 22b which are non- 
uniform gratings, each of the portions 22a and 22b corresponding to the grating portions 12a and 12b in the above- 
described embodiment. It is provided on the Index scale 22 that a diffraction grating portion 25 for obtaining a collimated 

30 ray from output of a diffusion light source 24 ( for example, LED ). The grating portion 25 Is a uniform grating, and used 
as a secondary light source in accordance with a well-known 3-grating theory. 

According to this embodiment, it is able to obtain a less distorted sine wave output signal similar to the above- 
described embodiments. 

Fig. 9 shows a linear encoder which has no index scale according to another embodiment. A main scale 31 Is a 
55 uniform grating in which transmitting portions and non-transmitting portions are alternately arranged with width ratio 
of 1 : 1 similar to the above-described embodiments. A light detecting device array 32 are disposed so as to oppose the 
main scale 31 and receive a transmitted light thereof. The light detecting device array 32 serves as an index scale. 
Altematlvely, the light detecting surfaces are arranged similar to the transmitting portions of the above-described index 
scale to be used as an non-uniform grating. Fig. 10 shows a pattern example of the detecting device array 32. Light 
40 detecting portions 33 and wiring area 34 are arranged as same as the transmitting portion 16 and the non-transmitting 
portions 17 in Fig.7. respectively. 

According to this embodiment, it is able to obtain a less distorted sine wave output signal similar to the above- 
described embodiments. 

In the embodiment of Flg.9, It Is able to use the grating arrange of Fig.6 for the light receiving portion arrangement. 
45 However, the array of Fig.10 equivalent to that of Fig.7 is preferable, because the wiring area 34 can be secured more 
broader rather than the array of Fig.6. 

Fig.ll shows a rotary encoder according to another embodiment This encoder comprises, as shown in Fig.l1, a 
rotor 41 which serves as a rotating nnain scale, stators 42 (42a, 42b) which sers/e as fixed index scales, and light 
detecting devices 43a, 43b. Similar to the above-described embodiments, the rotor 41 and stators 42 consist of a 
50 uniform grating and non-uniform grating, respectively. According to the embodiment, it is able to obtain a less distorted 
sine wave output signal. 

In the above-mentioned embodiments, although uniform gratings serve as main scales, and non-uniform gratings 
serve as Index scales, it is able to exchange the use of the uniform gratings and the non-uniform gratings. Further, in 
the above-mentioned embodiments, the sine wave information Is sliced and divided to 10 parts to be dispersed to 10 
55 lattices on a scale. However, it can be selected an arbitrary integer 2 or greater for the number of slice levels. 

Although a pair of Index scales is used in the above-described emtxxJiments. it is able to use four index scales 
which output four displacement signals having phases of 0^.90**, 180® and 270*. respectively. 

Further, in the present invention, one cycle sine waveform can be divided into a plurality of area portions by vertical 
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Acco'dina to the present invention, one of the scales is an unHorm grating, and the other .s a "^"-""''orm gratia 
the t™tng portions and the non-transmtting portions of the non-uniform grating being arra^^^^ 
of tie uS^ grating, and each width of the transmitting portions and the non4ransm.tt.ng portions hav.ng the same 
as^h S S M sfced levels of the sine waveform which has a wavelength equal to one prtch of the "n'^^"^ 9;^^^^^^ 
ThSorert is awe to output a less distorted displacement signal, thereby the precise posrtion measurement can be 
iLSth^^sp^^cementsigna. Further, according to^ 

pattern for manufacturing of scales, thereby it is easy to make scales having a precise grating pattern. As a result, the 
position measurement precision of the optical encoder can be improved. 
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Claims 

1 An optical encoder having first and second scales arranged in parallel wrth each other to be relathrely nr|o>«bte 
■ o^tS S^gs being fonSed thereon at a predetermined pitch respectively, a light source for irradiating colhma^ed 
Suo the flL scale and light detecting means for detecting transmitted lights through the second scale, the 
Sadin J Patlem S^he t^nsled lights being modulated by the overlapping state between the first and second 
scales, wherein 

one of the first andsecond scales hasauniformgraling which is formedofaplurality of rectangute^^^ 
portions and a plurality of rectangular non-transmitting portions alternately arranged at a predetemiined pitch, 
each of the rectangular transmitting portions having a uniform width, and 

the other of the first and second scales has a non-uniform grating consisting of at least one set of M (where 
M an integer of 2 or more ) pairs of rectangular transmitting portion and rectangular 

X^^L being arranged at the same pitch as the unrform grating, said rectangular transmitting portions on 
s^d'L,-unifoL grat?,9 having different widths from each other within said ^^^^ °< 
information of a one cycle sine waveform whose wavelength is equal to one pitch of said uniform grating. 

2. The optical encoder according to claim 1 . wherein. 

said one cycle sine wavefomi is represented in a range of bottom-to-bottom, and each width of said 'octangular 
U^smZg portions is set to be equal to each width of sliced portions of said one cycle sine wavefom. sliced 
by M different slice levels. 

3S 3. The optical encoder according to claim 1 . wherein. 

M is an Integer selected in the range between 3 to 10. 

4. The optical encoder according to claim 1 . wherein, 

40 

said first scale is a main scale, and ^ oo r^i itm it 

said second scale is an index scale on which at least two non-uniform gratings are arranged so as to output 
at least two sine wave displacement signals whose phases are mutually shifted of 90 degrees. 

45 5. The optical encoder according to claim 1 , wherein, 
said first scale is a main scale, and 

said second scale is a light detecting device array which serves as an index scale. 
so 6. The optical encoder according to claim 1 , wherein, 

said non-transmitting portions in said non-uniform grating are dispersed within said one set of M pairs so as 
to minimize the variation of the widths of said transmitting portions in said non-uniform gratmg. 

ss 7. The optical encoder according to claim 1 , wherein, 

said transmitting portions in said non-unlform grating are dispersed within said one set of M pairs so as to 
minimize the variation of the widths of said non-transmitting portions in said non-uniform grating. 
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8. The optical encoder according to claim 1 . wherein, said first and second scale are constructed tot>e a linear scale. 

9. The optical encoder according to clainn 1 . wherein, said first and second scale are constructed to be rotary encoder. 
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(54) Optical encoder 

(57) A main scale 11 and an index scale 12 are ar- 
ranged in parallel with each other so as to be relatively 
nnovable. A light source 10 for Irradiating collimated light 
on the main scale 11 is provided above the main scale 
1 1 . A light detecting devices 1 3a and 1 3b for detecting 
the amount of light which pass trough the index scale 
12 are provided bellow the index scale 12. The main 
scale 11 has an uniform grating which consist of trans- 
mitting portions 14 and non-transmitting portions 15 
which are formed with a uniform width and alternately 
arranged by uniform pitch P The index scale 12 has 
non-uniform grating portions 12a and 12b whose phase 
are mutually shifted 90 degrees. A transmitting portions 
16 and non-transmitting portions 17 of the non-unlfonm 
grating portions are arranged at the same pitch as the 
main scale 1 1 . Each width of the non-transmitting por- 
tions 1 7 is equal to each width of sliced portions of a 
sine waveform sliced by 10 slice levels, the sine wave- 
form Is represented boltom-to-bottom and whose wave- 
length is equal to one pitch of the uniform grating. The 
non-unlfonm gratings 1 2a and 1 2b substantially work as 
the sine wave gratings, so that an output signal exclud- 
ing the harmonic corr^onents distort k>n can be ob- 
tained. 
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